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DESCRIPTION 



&QUID CRYSTAL DISPLAY DEVICE 



TECHNICAL FIELD 



The present invention relates to a liquid crystal display- 



device capable of both reflection type display utilizing outside 
light which is light in the circumstance where the liquid crystal 
display device is used and transmission type display utilizing 
illuminating light such as a backlight. Liquid crystal display 
elements used in a liquid crystal display device are display elements 
which are not of a light emitting type, and are characterized by 
their thinness and low power consumption. Therefore, such a liquid 
crystal display device is widely used in electronic equipment, for 
example, a clock, of f ice automation equipment such as a word processor 
and a personal computer, portable equipment such as electronic 
organizers and mobile phones, and audiovisual equipment. 

BACKGROUND ART 

In recent years, in order to enable display both in a bright 
place and in a dark place, a liquid crystal display device has been 
desired that can be viewed in two display modes: reflection type 
display utilizing outside light which is natural light, indoor light , 
or the like; and transmission type display utilizing illuminating 



l 



light from a backlight. Conventionally, as such a color liquid 
crystal display device of a transmission/ reflection type, a 
configuration has been known where a colored layer is provided on 
a reflective film with a hole formed therein (see, for example, 
JP 11-052366 A) . When the transmission type display is viewed with 
such a configuration, illuminating light which passes through hole 
portions having no reflective film (transmission regions) reaches 
the viewer. Here, since the illuminating light from a backlight 
passes through the colored layer only once , relatively bright display 
is obtained. On the other hand, when the reflection type display 
is viewed with such a configuration, outside light which is reflected 
by the reflective film portions (reflective regions) reaches the 
viewer. Here, light which once passes through the colored layer 
is reflected by the reflective film and then passes through the 
colored layer once again. In other words, the light twice passes 
through the colored layer having a low transmittance , and thus, 
the display is darker. 

Hence, in order to improve the dark display screen in the case 
of reflection type display, a configuration is disclosed where a 
colored layer in reflective regions is partly removed to secure 
portions where light does not pass through the colored layer (see, 
for example, JP 2000-111902 A) . In this configuration, since the 
colored layer is not formed in some of the reflective regions, loss 
of light due to the colored layer is eliminated. Therefore, light 
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incident on the portions having no colored layer returns, after 
being reflected by a reflective film, to the side of a viewer with 
almost no loss, and an effect that the reflection type display becomes 
brighter is obtained . 

In a conventional transmission/ reflection type color liquid 
crystal display device, since, As described above, a configuration 
is used where a hole is formed in a colored layer to expose a reflective 
film to ensure the brightness of the reflection type display, there 
causes a step corresponding to a colored layer thickness between 
a region with a colored layer and a region without a colored layer. 
Generally, in a liquid crystal display device, in order to planarize 
the surface of a color filter substrate, a process of forming a 
planarizing film through coating is provided after the colored layer 
is formed. However, since the colored layer is typically as thick 
as about 1 |J.m, it is difficult to obtain a highly planarized surface 
even if the process of forming a planarizing film through coating 
is provided, and a step (irregularities) of about 0 . 2 |im remains. 

When there is a step on the surface of a color filter substrate 
in this way, there arises a difference in a gap to a counter substrate 
depending on the location. The difference in the gap leads to an 
orientation difference of liquid crystal molecules filled in the 
gap, which in turn leads to degradation of display quality such 
as low contrast. This step is a factor of degradation of display 
quality in, particularly, a color display device using STN liquid 
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crystal. 

Accordingly, an object of the present invention is to provide 
a liquid crystal display device capable of bright reflection type 
display without unevenness in display and with high display quality. 

DISCLOSURE OF THE INVENTION 

Accordingly, a liquid crystal display device according to an 
aspect of the present invention includes a reflective film having 
an area smaller than that of the colored layer which is formed between 
a colored layer forming a color filter and a liquid crystal layer. 
A liquid crystal display device according to another aspect of the 
present invention includes a color filter substrate having a color 
filter formed thereon, a counter substrate which opposes to the 
color filter substrate via a liquid crystal layer, and a reflective 
film provided on a colored layer forming the color filter, the 
reflective film having an area smaller than that of the colored 
layer. With such a configuration, color display is obtained in the 
case of transmission type display while black-and-white display 
is obtained in the case of reflection type display, and, since an 
image formed with light which does not pass through the colored 
layer is viewed in the case of reflection type display, the brightness 
in the case of reflection type display is improved compared with 
a conventional case. 

Further, in order to improve the adherence between the colored 
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layer and the reflective film, a transparent insulating film is 
formed between the colored layer and the reflective film. 

A liquid crystal display device according to still another 
aspect of the present invention includes a color filter substrate 
having a color filter formed thereon, a planarizing film formed 
on the color filter, a reflective film formed on the planarizing 
film, the reflective film having an area smaller than that of a 
colored layer forming the color filter, and a counter substrate 
which opposes to the color filter substrate via a liquid crystal 
layer. 

Since, in the above-described configuration, it is easy to 
make the reflective film as thin as 0.1 to 0.2 jam, the planarity 
of the surface of the color filter substrate can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows an overview of a configuration of 
a liquid crystal device according to the present invention, and 
Fig . 2 schematically shows a configuration of another liquid crystal 
device according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention are described in the 
following . 

A liquid crystal display device according to the present 
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invention is configured to provide a colored layer in transmission 
regions and not to provide a colored layer on a reflective film 
which is reflective regions. In order to achieve this, a reflective 
film having an area smaller than that of the colored layer is formed 
between the colored layer forming a color filter and a liquid crystal 
layer. More specifically, in a liquid crystal display device where 
a color filter substrate having the color filter formed thereon 
and a counter substrate are opposed to each other via the liquid 
crystal layer, the reflective film having an area smaller than that 
of the colored layer is formed on the colored layer forming the 
color filter. 

With such a configuration, color display is obtained in the 
case of transmission type display, while black-and-white display 
is obtained in the case of reflection type display, and, since an 
image formed with light which does not pass through the colored 
layer is viewed in the case of reflection type display, the brightness 
of the reflection type display is ensured. Here, as a reflective 
film4, a metal film containing Al or Ag may be used, and its thickness 
is preferably about 1000 to 2000 A. If the thickness is too small, 
the amount of light which passes through the reflective film increases 
to decreases the reflectivity, and therefore, a film thickness of 
1000 A or more is preferable. If the thickness is too large, the 
planarity of the surface is impaired, and thus, a film thickness 
of 2 000 or less is preferable. Further, in order to improve the 
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adherence between the colored layer and the reflective film, a 
transparent insulating film may be formed between the colored layer 
and the reflective film. As the transparent insulating film, Si0 2/ 
Ti0 2 , or the like may be used. 

Further, surface irregularities (planarity) , which 
conventionally depend on the thickness of the colored layer of about 
1 jxm, now depend on the thickness of the reflective film above the 
colored layer which can be formed to be as thin as about 0.1 to 

0.2 urn, thus improving the planarity of the surface of the color 
filter substrate. 

The reflective film is formed in an arbitrary shape at suitable 
places on the surface of the colored layer. Here, the shape of the 
reflective film need not be the same among pixels. 

Further, the place where the reflective film is formed may 
be other than the surface of the colored layer. For example, the 
configuration includes a color filter substrate having a color filter 
formed thereon, a planarizing film formed on the color filter, a 
reflective film formed on the planarizing film and having an area 
smaller than that of a colored layer forming the color filter, and 
a counter substrate which opposes to the color filter substrate 
via a liquid crystal layer. 

A liquid crystal display device according to the present 
invention can be manufactured by, after forming the colored layer 
using a common method of manufacturing a color filter substrate, 



forming the reflective film in an arbitrary shape at suitable places 
on the surface of the colored layer . After that ,- in order to planari ze 
the surface of the color filter substrate, the planarizing film 
is formed. Here, since the reflective film can be formed to be thin, 
a high surface planarity can be easily achieved by a process of 
applying the planarizing film. 

Alternatively, a liquid crystal display device according to 
the present invention can also be manufactured by, after a common 
method of manufacturing a color filter substrate is used to form 
the planarizing film, forming the reflective film in an arbitrary 
shape at suitable places on the surface of the planarizing film. 
Since the reflective film can be formed to be thin, a high surface 
planarity can be maintained without forming another planarizing 
film. 

In this way, in any case, a liquid crystal display device 
according to the present invention can be manufactured without 
increasing the number of process steps compared with a common method 
of manufacturing a reflection or semi -transmission type liquid 
crystal display device. 

Embodiments of the present invention are described in the 
following with reference to the drawings. 
(Embodiment 1) 

Fig. 1 schematically illustrates liquid crystal display 
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elements used in a liquid crystal display device of this embodiment . 
In this embodiment, a case of a passive color liquid crystal display 
device is described. Fig. 1(A) is a view illustrating a structure 
in section of this embodiment . As illustrated in the figure , a color 
filter substrate 1 and a transparent substrate 9 are opposed to 
each other via a liquid crystal layer 8. A transparent electrode 
6 having a desired pattern is provided on one surface of each of 
the substrates. The color filter substrate is configured to have 
on a glass substrate a colored layer forming a color filter. More 
specifically, a light shielding film (black matrix) 2 having a desired 
pattern and colored layers of red (3R) , green (3G) , and blue (3B) 
which are the primary colors of light are formed on the surface 
of the color filter substrate with a thickness of about 1 [im. A 
reflective film 4 is formed on portions of the surfaces of the colored 
layers. In this way, since the reflective film 4 is formed on the 
surface of the colored layers (on the side of a viewer) , in the 
case of reflection type display, light incident on reflective regions 
is reflected to the front face of a display portion without passing 
through the colored layers, and forms an image to be viewed as 
black-and-white display. Here, since light which is conventionally 
absorbed in the colored layers (3R, 3G, and 3B) returns to the side 
of the viewer as it is, bright display is obtained. On the other 
hand, in the case of transmission type display, since incident light 
from the side opposite to a viewing direction passes through the 



colored layers where the reflective film 4 is not formed and reaches 
a viewer, color display is obtained. 

Fig. 1(B) is a schematic view seen from the direction for viewing 
a liquid crystal display element for one pixel illustrated in Fig. 
1 (A) . Here, one pixel for red is enlarged and illustrated. In the 
figure, a place designated as the colored layer 3 R is a transmission 
region, and a place where the reflective film 4 is formed is a 
reflective region. In this embodiment, the colored layer is 
configured to be 100 |am x 3 00 [im, and the reflective layer is formed 
thereon having an area which is 10% or more and 50% or less of an 
area of the colored layer. By varying the area of the reflective 
film 4, the color density in the case of transmission type display 
and the brightness in the case of reflection type display can be 
adjusted . In order to achieve both the color display characteristics 
in the case of transmission type display and the black-and-white 
display characteristics in the case of reflection type display, 
it is desirable that the area of the reflective layer is 10% or 
more and 50% or less of the area of the colored layer. More 
specifically, according to the present invention, since light to 
be viewed does not pass through the colored layer in the reflection 
mode, even if the area of the reflective film is smaller than in 
a conventional case, a high reflectivity (the ratio of light reflected 
by the LCD to the light incident on the LCD) is obtained, and, .as 
the area of the reflective film is small, the amount of light which 
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passes through the colored layer in the transmission mode becomes 
large. Therefore, if the area of the reflective film is 10% or more 
of the area of the colored layer, satisfactory reflection 
characteristics are obtained. If the area of the reflective film 
is smaller, satisfactory brightness can not be obtained in the case 
of reflection type display, which is not preferable. On the other 
hand, if the area of the reflective film is larger, although the 
brightness in the case of reflection type display is improved, when 
the liquid crystal display device is viewed in the transmission 
mode (color display) in an environment where outside light comes 
from the side of the viewer, the outside light is reflected by the 
reflective film to reach the viewer and adversely affects the 
displayed colors. Therefore, it is preferable that the area of the 
reflective film is 50% or less of the area of the colored layer. 

Further, although, in this embodiment, respective colored 
layers are formed in the same size as that of pixels formed of 
electrodes of the color filter substrate and electrodes of the counter 
substrate, there is substantially no problem even if the size differs 
to a certain extent. Accordingly, if the size of a pixel and the 
size of the colored layer are the same, it can be expressed that 
the area of the reflective film is 10% or more and 50% or less of 
the size of a pixel electrode. 

Further, although, in Fig. 1(b) , the reflective film is formed 
at a place which corresponds to a substantially center portion of 



the colored layer, the location of the reflective film on the colored 
layer, that is, it can be arbitrarily determined which portion of 
the colored layer the reflective film is to be formed on. 

In this embodiment, an Al-Nd film at the thickness of 1500 
A is used as the reflective film. In addition, in order to improve 
the adherence between the colored layers (3R, 3G, and 3B) and the 
reflective film 4, a transparent insulating film made of Si0 2 , Ti0 2 , 
or the like may be formed to have a thickness of 150 to 200 A between 
the colored layer and the reflective film. 

Then, a planarizing film 5 is formed to cover the color filter 
substrate, and the transparent electrode 6 for applying voltage 
to the liquid crystal layer is provided thereon. Since the 
transparent electrode is formed on the surface of the planarizing 
film, it is necessary that the planarizing film is both planar and 
insulative. The planarizing film is formed to have a thickness of 
about 2 p.m. Since the metal film 4 is formed to be very thin, it 
is easy to achieve a high planarity. 

Next, a method of manufacturing the liquid crystal display 
device according to the present invention is described. First, the 
colored layer forming the color filter is formed on the glass substrate . 
More specifically, the light shielding film (black matrix) 2 having 
the desired pattern and colored layers of red, green, and blue which 
are the primary colors of light (3R, 3G, and 3B) are formed on the 
surface of the color filter substrate with a thickness of about 
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1 fxm. They are all formed by a manufacturing method called pigment 
disperse using photolithography. 

After that, the reflective film 4 in an arbitrary shape is 
formed to have an appropriate area on the surface of the colored 
layers (3R, 3G, and3B) . A metal film containing Al or Ag is generally 
used as the reflective film 4. Such a metal film is formed to have 
a thickness of about 1000 to 1500 A by sputtering or the like. In 
order to improve the adherence between the colored layer and the 
reflective film 4, a transparent insulating film made of Si0 2 , Ti0 2 , 
or the like may be formed between the colored layer and the reflective 
film. Since the transparent insulating film can be formed in 
succession to the reflective film 4, it is not necessary to increase 
the number of process steps to, for example, move a workpiece or 
change a chamber . 

Next, in order to planarize the surfaces of the black matrix 
2, the colored layers (3R, 3G, and 3B) , and the reflective film 
4, the planarizing film 5 is formed to have a thickness of about 

2 urn through coating. As described above, since the metal film can 
be formed to be very thin, it is easy to achieve a high planarity 
of the planarizing film. 

Then, the transparent electrode 6 is formed on the planarizing 
film 5. The transparent electrode 6 can be patterned as desired 
by photolithography. The transparent electrode 6 is a transparent 
conductive film called ITO formed by oxidizing indium (In) containing 



tin (Sn) as an impurity, and its resistance can be set as desired. 
Since ITO is a semiconductor material of low resistance, the most 
versatile level of the resistance is 10 Q/a to 100 Q/d as sheet 
resistance. Typically, ITO is formed by vacuum film forming such 
as sputtering and vapor deposition. A transparent electrode is also 
formed on the opposing glass substrate 9 in a similar manner. 

After that, spacers for setting the cell gap to a target value 
are dispersed, and then, orientation films are provided on the 
surfaces of the color filter substrate 1 and the opposing glass 
substrate 9 for orienting the liquid crystal 8 . Then, a seal material 
7 is applied on either the color filter substrate 1 or the opposing 
glass substrate 9, and the two substrates are bonded with each other 
to form a cell structure. Generally, a thermosetting resin is used 
as the seal material 7, and thermocompression bonding is utilized. 
After that, by filling the cell gap with the liquid crystal, a liquid 
crystal display element is obtained. 
( Embodiment 2 ) 

Fig. 2 schematically illustrates liquid crystal display 
elements used in a liquid crystal display device of this embodiment . 
This embodiment differs from Embodiment 1 in that the reflective 
film 4 is provided on the planarizing film 5 . Description of portions 
the same as those of Embodiment 1 is omitted as appropriate. Fig. 
2 (A) is a view illustrating a structure in section of the liquid 
crystal display elements of this embodiment . Fig. 2 (B) is a schematic 
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view seen from the direction for viewing a display element for one 
pixel illustrated in Fig. 2 (A) . Here, one pixel for red is enlarged 
and illustrated. More specifically, a color filter substrate 1 has 
a structure in which a light shielding film (black matrix) 2 and 
a color filter formed of colored layers (3R, 3G, and 3B) are formed 
on a glass substrate. Typically, the color filter is provided at 
the thickness of about 1 |im. The planarizing film 5 is provided 
on the color filter and the reflective film 4 is provided on the 
planarizing film 5. If necessary, a transparent insulating film 
is formed on the planarizing film 5, and the reflective film 4 is 
formed thereon. Here, the reflective film 4 is formed to correspond 
to the positions of the colored layers (3R, 3G, and 3B) . Fig. 2 (B) 
shows an example where the reflective film 4 is formed at a place 
which corresponds to a center port ion of the colored layer . Therefore , 
similarly to the case of Embodiment 1, light incident on reflective 
regions where the reflective film is formed is reflected to the 
front face of a display portion without passing through the colored 
layers, and returns to the side of a viewer without being absorbed 
in the colored layers, and thus, bright display is obtained. In 
other words, bright display can be achieved when viewed in the 
reflection mode. 

A transparent electrode for applying voltage to a liquid 
crystal layer is formed on the color filter substrate where the 
reflective film is formed. If a higher planarity is desired, another 



planarizing film may be formed on the reflective film to form the 
transparent electrode thereon. 

As described above, according to a liquid crystal display 
device of the present invention, since incident light does not pass 
through colored layers (3R, 3G, and 3B) in the case of reflection 
type display, bright display can be obtained. 

Further, since the reflective film 4 can be formed to be very 
thin, i.e., as thin as 100 to 2000 A, a high planarity can be obtained 
when a planarizing film is applied later. Even if the planarizing 
film is not applied later, since the thickness of the reflective 
film itself is small , the irregularities of the surface remain small , 
which makes it possible to prevent degradation of display quality. 

INDUSTRIAL APPLICABILITY 

As described above, a transmission/ref lection type liquid 
crystal display device according to the present invention is capable 
of bright reflection type display and suitable for achieving high 
display quality without unevenness in display. 
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